The effects of temperature on flower induction in sweet orange were studied over a range of shoot and root temperatures representing the conditions found in the field in commercial growing regions. Rooted cuttings of the orange cultivar 'Late Valencia' were used in the Canberra phytotron, with an extended photoperiod of 16 hours and a photo-temperature of 8 hours' duration.
Introduction
Temperature is the most important factor controlling flowering of sweet orange in the commercial citrus-growing regions of Australia, where flowering occurs in the spring after several months with mean temperatures below 15°C (Moss 1969) . Only at moderate temperatures (24/19")* are short days necessary for flower induction, while at higher temperatures the photoperiod seems mainly to control the rate of growth (Lenz 1969) . Commercially this is useful, since it ensures one crop per year as the spring blossoming is usually very heavy; fruit from the spring flush inhibits flower formation at other times of the year (Moss 1971) . However, citrus is a subtropical evergreen and under tropical conditions flowers may be formed at each flush (there may be four flushes of growth per year) and fruit of all stages of maturity are found on the tree. Likewise in warm temperate inland areas fruit may be set at other times if the amount of fruit set in the spring flush is small; these laterflowering flushes are of no commercial value. Little is known about the conditions stimulating or inhibiting flowering under summer conditions, so this work was aimed to provide basic information in this area.
Materials and Methods

Methods
Sweet orange cuttings of the cultivar 'Late Valencia', at least 1 year after rooting, were grown in sand culture as described in previous work (Moss 1969) . The experiments were carried out in the Canberra phytotron in temperature-controlled conditions with natural daylight. An extended photoperiod of 16 hr was used, partly to promote a higher growth rate. No effect of photoperiod on floral development after induction or early initiation has been detected.
Prior to the experiments plants received 4 weeks at 27/22OC, or higher, to initiate and complete a vegetative flush to ensure that the plants would not be producing flowers initiated by some previous regime. Sweet orange cuttings under phytotron conditions can form flowering shoots on any mature flush, so a further aim of the pretreatment was to ensure a uniform set of 'mature' terminal growth flushes. Where the treatments were intended to study flower development, flower initiation was induced by 5 weeks at 15/10'. 
Root Temperature
Two types of equipment for controlling root temperature were compared. In the first, root temperatures were maintained by placing sealed pots in a water-bath with provision for pot drainage. However, the temperature of the foliage was found to be influenced by the temperature of the water-bath when this was above the ambient air temperature; this was especially so in a glasshouse with no forced ventilation ( Table I ). The second type of bath was insulated around the sides and on top with 25 mm of polystyrene foam and the upper surface covered by sheet aluminium; this was used in all subsequent experiments. Where the experiment involved controlled root temperatures, then these were monitored.
These may be of several types: single-flowered, single-flowered with leaves, multiple-flowered, or multiple-flowered with leaves (Moss 1970) . In the field these types are significant since the majority of the fruit is set on the leafy types (Sauer 1951 ; Lenz 1966) . The ratio of flowers to inflorescence leaves in each inflorescence was measured as an indication of the type of inflorescences obtained as well as the mean number of flowers per inflorescence.
Procedure and Results
Experiment 1
Aim. This was to examine the effect of temperature on subsequent flower formation after induction.
Pretreatments. Following 4 weeks at 27/22' flowering was induced by 5 weeks at 15/10" followed by the treatments.
Treatments. 24/19" (control) ; under this treatment flower development is rapid and normal, but it does not induce further flowering. 24/19" with a root temperature of 30". 30125". 36/31 ". Results. Flowering was recorded at weekly intervals until petal fall, but as some treatments resulted in abscission before opening, the number of flowers present before the first blossoms opened was taken as the record.
The most notable effect was that 36/31" resulted in a reversal of floral development; few flowers were formed despite an adequate floral-inductive stimulus (compare with treatment 24/19") and those few blossoms abscissed before opening ( Table 2 ). The treatment 30125" resulted in only slightly fewer flowers than at 24/19', partly because there were fewer flowers per inflorescence and the latter were of the more leafy type.
A root temperature of 30" had only a slight effect on inflorescence development, and the results are not very different from either the 24/19" or the 30125" treatments.
Experiment 2
Aims. These were to see if the adverse effect of high temperatur ment was due to high root temperature, to test if low root te inductive conditions would induce flowering, and to see if low night temperature would induce flowering.
Pretreatment.
A temperature regime of 36/31' was imposed for 4 weeks to remove any tendency of the plants to flower.
Treatments. 15/10' for 5 weeks to induce flowering, followed by 24/19" (control).
15/10" for 5 weeks, followed by 3613 1" with a root temperature of 22". 27/22'; this treatment was intended to test how much flowering was induced by this regime with no inductive pretreatment. 27/22" with a root temperature of 15"; no inductive pretreatment. 27/13" to see if low night temperature would induce flowering; no inductive pretreatment. (Table 3) ; the low temperature pretreatment induced a large number of buds to grow out, and although many were floral a significant number (8.3 per plant) were vegetative. The inflorescences were predominantly floral. The data were taken at the time of full bloom.
Very few inflorescences were induced at 27/22' (without any pretreatment at low temperature) and these tended to have fewer flowers and more leaves. However, with lower night temperatures a large number of inflorescences of the less leafy type were produced. On the other hand, a low root temperature at 27/22' failed to stimulate floral initiation; the number of inflorescences differed only slightly from that of the 27/22" treatment, although there were fewer leaves on the inflorescences. One notable feature was that fewer vegetative shoots were induced by the low root temperature. With the 22' root temperature at 36/31" some flowers were formed, although flowering was still suppressed compared with the 24/19' treatment, which suggests that the role of root temperature in reversing flower initiation at higher temperatures is relatively small. Aim. This was to see if low root temperature would induce flowering.
Pretreatment. Four weeks at 3613 1 ".
Treatments. 27122"-no control of root temperature.
27/22' and a root temperature of 11" (+2').
Five weeks after commencement of these treatments flowering was recorded; all flower buds were removed, and the root temperature treatment discontinued. Flowering was again recorded 33 weeks later.
Results. Only half the plants at 11" root temperature produced any flowering shoots, and these inflorescences did not differ in the mean number of flowers or in the flower/inflorescence-leaf ratio from those with ambient root temperature (Table 4) . Considerably fewer vegetative shoots were produced and growth was restricted by the low root temperature. In the later recording, more inflorescences were formed on the plants from the low root-temperature treatment, but this was variable. One can infer from this that low root temperature is not responsible for floral induction when plants are maintained at temperatures below 21'. 
Experiment 4
Aim. This was to check the effect of high root temperature on floral development.
Pretreatment.
After 5 weeks at 15/10", to induce flowering, plants were transferred to the treatments.
Treatments. 24/19" with ambient root temperature. 24/19" with a root temperature of 31" (the recorded root temperature was 30-33').
Results. The higher root temperature did not inhibit flowering, but fewer inflorescences were formed compared with the plants with ambient root temperature ( Table 5 ). The number of flowers per inflorescence was not affected by the high root temperature, but these inflorescences tended to be more leafy, as indicated by the lower flower/ inflorescence-leaf ratio.
Although the time to flowering was not recorded, there appeared to be little difference between the two treatments. One difference was that less growth was made at the high root temperature; this is evident by the fewer vegetative shoots and slightly smaller stem diameter found in this treatment.
Experiment 5
Aim. This was to determine the relative importance of root and shoot temperatures during induction.
Pretreatment. 30125" for 32 days.
Treatments. 15/10" with ambient root temperature.
15/10" with a root temperature of 30". (During the course of the experiment the root temperature rose above this for one day, but at no time did the temperature fall below 29O.) After 38 days all plants were transferred to 24/19" with ambient root temperature. Results. Full bloom was recorded 21 days after cessation of the low temperature treatment. There was no apparent difference in the time to flowering of the two treatments. There was little difference in the flowering behaviour of plants from the two treatments (Table 6 ). More flowering shoots and slightly more flowers were found after the high root-temperature treatment, but the differences are not significant when the greater variability of flowering in the high root-temperature treatment is considered. This indicates that root temperature is of little importance during the stage of flower induction in sweet orange.
Discussion
Flower formation in sweet orange is sometimes considered as consisting of two or possibly three periods of development. (1) The first requirement is that buds must be released from 'dormancy'; (2) then there may be a period of initiation; (3) finally floral development occurs. The present results offer the following evidence for this scheme.
(1) A period of low temperature induces many buds to grow out, and most of these are floral. Against the suggestion for a first period would be the following observations.
(a) The number of vegetative shoots is not greatly influenced by environmental treatments except low root temperature, which results in fewer vegetative shoots.
(b) Long days, which increase the rate at which buds are released* from dormancy (Lenz 1969) , prevent flower formation.
These objections may be answered by noting that treatments such as low temperature or low night temperature also favour flowering, while long photoperiods inhibit flowering despite their effect on bud growth.
(2) Evidence for a second period is hard to justify, as it appears that sweet orange has an innate tendency to form flowers, and the environmental conditions affecting flowering are those that inhibit flower formation. Supporting this would be evidence that under 27/22" (which is not warm enough to adversely affect floral development) with long days, some flowering took place. In this case well-established cuttings were used, and production of inhibitors may be less as the mean age of the leaves increases (this conjecture would need experimental verification). However, if plants are defoliated or pruned many buds are released from dormancy yet few flowers are formed (Moss 1973) , which suggests that an induction stimulus may be produced in the leaves. Further evidence for this was given by Ayalon and Monselise (1960) , who used cincturing and defoliation techniques to demonstrate an inductive floral stimulus in sweet orange. As high root temperature and inductive shoot conditions (Table 6 ) or low root temperature under non-inductive conditions (Table 4 ) had no effect on flowering, the production of the flowering stimulus is located in the shoot. No evidence of floral differentiation in the buds during the inductive period was found, and other workers have reported similar results (e.g. Abbot 1935; Ayalon and Monselise 1960) . This suggests that floral differentiation takes place some time after induction.
(3) The third period, one of floral development, is better defined, as transfer to high temperature prevents flower formation even after a period of 'inductive' low temperature treatment (Table 2) . High temperature reversal of the flowering response to inductive conditions has been described for Pharbitis nil-a short-day plant (King and Evans 1969) . Part of this response in sweet orange (although a lesser part) is controlled by the roots, since high root temperature with moderate shoot temperature slightly reduced the number of flowers formed and further reduced the number opening (Tables 2 and 5) , while moderate root temperature with high shoot temperature partly mitigated the effect of high temperature (cf . Tables 2 and 3 ).
Root and Night Temperature Effects
In contrast to this work are the observations of Liebig and Chapman (1963) who compared 14, 22 and 30" root temperatures and reported more flowering with low root temperatures. In this case the real effect was probably that flowering was * Sweet orange grows by a series of more or less synchronized flushes (Moss 1973) .
adversely affected by 30°, so as to make it appear, by contrast, that the lower temperature had stimulated flowering. This raises the question of the validity of results in glasshouse experiments. Open water-baths used to control root temperature will result in a higher night temperature if this is below the temperature of the water-bath. The effect of raising the night temperature a few degrees may be more significant than the effect of root temperature in some instances.
With other quantitative short-day plants night temperature influences the response to day length (e.g. Zea mays; Heslop-Harrison 1961) . Therefore, it is not unusual that flowering should be freely induced in sweet orange with a 16 hr photoperiod and low night temperature of 13", although the day temperature was 27". On the other hand, Hield et al. (1966) found that a day temperature of 29-38" prevented flower formation with a night temperature of 7-12".
Flower Initiation in the Field
From a practical viewpoint this study indicated that flowers may be initiated in sweet orange under a wide range of conditions, and may be initiated under Australian summer conditions in the commercial growing regions by low night temperature. Even in January, the mean minimum temperature is often below 18" ( Table 7 ), so that initiation could take place under relatively warm long days. 
Conclusions
Flowering in sweet orange is an innate tendency, with absence of inhibitors possibly more important than promotory effects. Evidence here and in the literature suggests that the flowering tendency is located in the leaves and probably transmitted to the buds, rather than the alternative hypothesis that the buds are 'programmed' to form flowers and can be suppressed by inhibitors. Flower induction and initiation is affected by the shoot environment, while the process of floral development can be suppressed by high shoot temperature with a small effect due to high root temperature.
